The inhibitory effect of metallic EDTA compounds on growth of Vibrio cholerae and Escherichia coli was studied. Only Fe-EDTA among the compounds tested showed pH-dependent growth inhibition on E. coli at pH 9.0, but no inhibition of V. cholerae at the same pH. By addition of Fe-EDTA as a selective inhibitor, a novel enrichment broth (tentatively designated as VCF broth) for the selective isolation and cultivation of V. cholerae from other Gram-negative bacilli has been developed, and the selective enrichment capacity of VCF broth for V. cholerae and selective inhibiting activity against E. coli were significantly higher than those of alkaline peptone water. A simple procedure for rapid detection of V. cholerae by selective enrichment for 6 hr with VCF broth and then amplification of the cholera toxin target DNA fragment by the polymerase chain reaction was presented. VCF broth may be a useful tool for the selective enrichment of V. cholerae in bacterial examinations.
Introduction
In previous experiments, we found that the growth inhibitory activity of EDTA-2Na against 14 species of Gram-negative bacteria is pH dependent, and that the bacteria tested could be divided accarding the pH dependent bactericidal activity into four groups' 3); for example, V. cholerae and E. coli for which the most potent bactericidal activity was observed with 10 mM EDTA-2Na saline solution at pH 5.0 and pH 9.0, respectively.
Selective inhibitory activity against E. coli and selective enrichment activity on V. cholerae with alkaline peptone water, which is widely used for enrichment culture of V. cholerae present in specimens, are relatively limited. The pH-dependent growth inhibition by EDTA-2Na led us to investigate development of a novel medium in place of alkaline peptone water for the selective enrichment culture of V. cholerae. It was found that a metallic chelate, Fe-EDTA, was a suitable supplement for the selective enrichment of genus Vibrio from Gram-negative bacilli present in specimens, and can be used without autoclaving for routine quarantine inspection of imported seafood. A rapid detecting procedure for detecting V. choleare using a combination of a new enrichment medium and polymerase chain reaction (PCR) was presented. Materials and Methods
Bacterial strains
The following species or strains of bacteria were used in this study: five strains of Vibrio cholerae 01 eltor, five strains of V. cholerae non-01, and one strain of Aerornonas hydrophilla (isolated from a food specimen), Plesiomonas shigelloides (isolated from a clinical specimen), Vibrio parahaemolyticus (isolated from sea water), Pseudomonas aeruginosa ATCC 27853, V. cholerae 0139 strain M045 by courtesy of the National Institute of Health, Japan and as the reference strains1'2), V. cholerae 01 NIH 41 (biotype classical) and E. coli ATCC 25922. Media A medium consisting of 0.2 % peptone in physiological saline at pH 9.0 with various concentrations of Fe-EDTA was used as the basal medium for determination of the effect of Fe-EDTA on bacterial growth. Nine milliliters of the solution was dispensed into a test tube and autoclaved.
A new enrichment medium (3.0 g of Fe-EDTA, 2.0 g of polypeptone, 2.0 g of casamino acid, 1.0 g of sodium pyruvate and 10 g of NaCl per 1,000 ml of distilled water) was developed (tentatively designated as VCF broth) and its pH was adjusted to 9.0 by the addition of 1 M Na2CO3. The VCF broth, which does not require sterilization by autoclaving, could be stored at 4C for at least one week prior to use. The VCF broth was used as enrichment medium for the recovery and growth test of V. cholerae. Metallic chelating agents Seven metallic EDTAs (calcium EDTA (Ca-EDTA) , Co-EDTA, Fe-EDTA, Mg-EDTA, Mn-EDTA, Ni-EDTA and Zn-EDTA and a chelate agent, EDTA-2Na (Dojin Chemical Laboratories, Kumamoto) were used. They were dissolved at a concentration of 10 mM in 0.85% NaC1 solution (physiological saline) in most cases unless stated otherwise. Saline without the agent added was used as a control. The pH values of the test or control solutions were adjusted to 5.0, 7.0 or 9.0 by the addition of 1 M Na2CO3 or HC1 solution. Nine-milliliter quantities of the solutions were dispensed into test tubes and autoclaved.
Preparation of bacterial suspension
The strains were cultured overnight at 37C in 30 ml of 1% peptone water (Nihon Seiyaku, Tokyo), and V. parahaemolyticus was cultured in 1% peptone water supplemented with 3% NaCl. The culture was centrifuged at 4,000 rpm for 20 min and the cell pellet was resuspended with 30 ml of saline. This washing procedure was repeated twice. The cells were suspended in saline at a final concentration of approximately 1010 colony forming units (CFU)/ml. Determination of growth inhibitory activity of EDTAs
The growth inhibitory activity of EDTA compounds on V. cholerae NIH 41 and E. coli ATCC 25922 was determined by the method previously reported2'3). Briefly, bacterial cells were treated with EDTA by mixing 9 ml of EDTA solution and 1 ml of bacterial suspension and allowing them to react for 60 min at 37C. Soon after this treatment, the mixture was serially diluted 10-fold with sterile saline, 0.1 ml of each dilution was transferred to two standard agar plates (with addition of 1% NaC1 for V. cholerae and 3% NaCl for V. parahaemolyticus) and they were incubated overnight at 37C. The colonies formed on the plate were counted and the mean CFU per ml obtained. The mean values and standard deviations were always from three independent experiments. Growth inhibitory activity was expressed by the difference obtained by subtracting the log CFU/ml values of the test solution from those of the control solution.
Methods for bacterial growth examination in VCF broth
The test for recovery of the genus Vibrio from the shrimp infusion was performed as follows. and EDTA-2Na in distilled water were all negative with no relation to pH. For V. cholerae, Fe-EDTA and EDTA-2Na in both saline and distilled water showed potent activity only at pH 5.0, but not at pH 9.0. Since Fe-EDTA and EDTA-2Na in saline, unlike distilled water, showed inhibitory activity against E. coli, the effect of NaC1 concentrations on the activity of Fe-EDTA and EDTA-2Na at pH 9.0 was studied. Results are shown in Fig. 1 . No activity was observed against E. coli with EDTA2Na in NaC1 solution at a concentration of 73 mM or 438 mM, but activity was observed with EDTA2Na in 146 mM and 219 mM NaCl solutions. However, EDTA-2Na activity was decreased when the concentrations of NaCl were raised to 292 mM. At the concentrations ranging from 0 mM 438 mM, EDTA-2Na showed the most potent activity in 146 mM and 219 mM NaC1 solution. On the other hand, potent activity of Fe-EDTA against E. coli was obtained in solutions with NaC1 added in the 146 mM to 365 mM range, and Fe-EDTA activity decreased when NaCl concentrations were raised to over 438 mM or lowered to less than 73 mM NaCl. However, with respect to the growth of V. cholerae, Fe-EDTA and EDTA-2Na at pH 9.0 did not show any activity at any concentrations of NaCl. These results indicate that the growth inhibitory activity of EDTA-Na against E. coli was more affected by the NaC1 concentration than that of Fe-EDTA. Effect of Fe-EDTA concentration on bacterial growth Tubes containing 9 ml of the basal medium at pH 9.0 containing different concentrations of Fe-EDTA were inoculated with 20 pl of bacterial suspension containing about 109 CFU/ml. Cell tory activity of metallic EDTA compounds was studied and it was found that only Fe-EDTA among the compounds tested is a selective and pH-dependent inhibitor of E. coli, but not of V. cholerae (Table 1) . In a basal medium containing 5 mM of Fe-EDTA, growth of E. coli, P. aeruginosa, V. parahaemolyticus, A. hydrophila and P. shigelloides was completely inhibited and growth of V. cholerae was specifically promoted (Fig. 2) . In addition, it was worthy noting that 5 mM Fe-EDTA completely inhibited the colony formation by E, coli when a mixture of 106 CFU of E. coli and 102 CFU of V. cholerae in VCF broth was incubated at 37C overnight and then inoculated onto an EMB agar plate (data not shown). The mechanism(s) of the selectivity of Fe-EDTA for certain bacteria such as V. cholerae and E. coil remains unclear, although it was reported that Agrobacterium species can utilize Fe-EDTA as a sole carbon source"). By addition of Fe-EDTA as a selective inhibitor, a nove VCF broth has been developed. Because of the specific inhibitory effect of Fe-EDTA on Gram-negative bacilli, the enrichment capacity of VCF broth for V. cholerae was found to be much higher than that of alkaline peptone water by counting the CFUs and detecting the target ctx DNA with two strains; V. cholerae 01 NIH 41 and V. cholerae 0139 M045 (Fig. 3) . Rapid detection of the ctx gene of V. cholerae can be completed within one day, by using a combination of enrichment culture of V. cholerae for a few hours with VCF broth and amplification of the target DNA gene by the PCR.
Since very large amounts of fresh and frozen seafood are consumed in Japan, a majority of the seafood is imported from epidemic areas of cholera caused by not only V. cholerae 01 eltor but also V. choleare 013916'17) Under such conditions, a strict inspection system for individuals and seafood from the cholera epidemic areas is essential to maintain the good health of the Japanese people. The results obtained in this study suggest that VCF broth may be a suitable enrichment medium for the rapid isolation and cultivation of the relatively small amounts of V. cholerae present in specimens sent for bacterial examination on routine quarantine inspection.
